Objective: To describe the use and effectiveness of linezolid as an alternative treatment for methicillin-resistant Staphylococcus aureus. Method: Demographic, clinical and safety data were collected from hospitalised patients. The information sources were the clinical records and the pharmacy programme. Results: Thirty patients were treated with linezolid (median age 69.3, 63% male). The median duration of treatment was 8 days. The most prevalent indication was soft tissues and skin infections (46.7%). The indications were off-label in 40% of cases. Linezolid was used as a targeted therapy in 53%, especially for coagulase-negative Staphylococcus. Clinical healing occurred in 83.3% and microbiological healing in 40%. Three patients (10%) experienced side effects from using linezolid.
Introduction
Linezolid is an oxazolidinone antibiotic. It acts on grampositive and anaerobic microorganisms, although it is primarily known for its activity against meticillin-resistant Staphylococcus aureus (MRSA). Its oral formulation (100% bioavailability) enables use of sequential therapy. On 26 April 2007, the AEMPS issued a statement warning of the increase in mortality among patients treated with linezolid and the possibility of mixed infections or infection with gram-negative bacteria. This statement resulted in changes to its summary of characteristics. 4 Drug use studies are descriptive studies intended to examine to what extent knowledge acquired through clinical trials can be applied to daily practice. They also constitute a sort of treatment audit allowing us to improve the quality of clinical practice. 5, 6 This study will describe the effectiveness, safety, and usage of linezolid in a secondary care hospital in Andalusia (600 beds, 490 with single-dose dispensing), following the modifications made to its summary of characteristics. The study was approved by the hospital's Ethics Committee.
Method Population
Retrospective descriptive study. The target population was 100% of patients admitted during 2008. The inclusion criteria stipulated patients ≥14 years admitted to inpatient wards and who received at least 1 dose of linezolid. We excluded patients admitted to the intensive care unit (ICU) and the gynaecology and paediatrics wards. Our information sources included patients' medical histories and the single-dose management programme (MultiBase-TransTOOLs, version 4.3, rev. 7.08).
Variables
Recorded demographic data were age, sex, the patient's unit and the prescribing department; clinical data were the indication, empirical or rational therapy, clinical healing (resolution of the signs and symptoms of infection at the end of treatment), microbiological healing (cultures negative at the end of treatment), and treatment duration; safety data were adverse drug reaction (ADR) and death rates.
Statistics
Qualitative data were analysed descriptively using frequencies and quantitative data were analysed using central tendency and dispersion measures (median and range). SPSS 12.0 statistical software was used for all analyses.
Results
In 2008, 16 399 patients were admitted of which 0.18% were treated with linezolid. In total, 36 patients received linezolid in an inpatient ward; only 30 patients had a recoverable medical history and met the minimum conditions for patient evaluation (complete histories of both the episode and administration of the drug).
The patients' median age, sex, assigned ward and prescribing department appears in Table 1 .
The most prevalent indication was skin and soft tissue infection (SSTI) with a total of 14 (46.7%) cases (Table 2) ; 5 of these were infected surgical wounds. The second most prevalent indication was hospital-acquired pneumonia with 9 cases (30.0%).
In 12 patients (40%), the indication was off-label with respect to uses approved by the AEMPS. Of these patients, 6 suffered soft-tissue infections that were treated empirically. Doctors chose linezolid treatment for 2 patients with kidney failure and 1 patient with a vancomycin allergy.
The hospital began 14 empirical treatments and 16 rational treatments. Treatment was adapted in 5 of the patients receiving empirical treatments according to the antibiogram; another 5 in this group began linezolid treatment due to treatment failure (4 patients had treatment that did not cover MRSA and 1 was on vancomycin). Of the 16 patients who received rational treatment, 15 had multiresistant microorganisms: 8 (50%) had coagulase-negative Staphylococcus; 3 (18.7%) had MRSA; 2 (12.5%) had Enterococcus faecium; 2 (12.5%) had Enterococcus faecalis. All microorganisms were sensitive to vancomycin (MIC≤1), cotrimoxazole, clindamycin or teicoplanin. Treatment with R. Rivas et al. Unit responsible for the patient Internal medicine, n (%) 5 (18) General surgery, n (%) 4 (14) Cardiology, n (%) 4 (16) Nephrology, n (%) 2 (5) Respiratory medicine, n (%) 1 (2) Neurosurgery, n (%) 2 (6) Vascular surgery, n (%) 9 (30) Traumatology, n (%) 2 (7) Urology, n (%) 1 (2)
Prescribing service Internal medicine, n (%) 28 (93) Vascular surgery, n (%) 2 (7) linezolid was started in 3 patients due to vancomycin treatment failure. MRSA was only isolated in 1 patient with hospital-acquired pneumonia; in this patient, vancomycin was replaced with linezolid. The median number of days of treatment was 8 (range 29). Only one patient was treated for a period longer than 28 days (30 days).
The episode healed clinically in 25 patients (83.3%). Microbiological healing was only demonstrated in 12 patients (40% of the patient total). For the rest of the patients, we have no information regarding negative cultures after treatment, either due to the patient recovering clinically and being discharged without further testing, or due to death.
ADRs were described in 3 patients (10%). There was one case of thrombocytopenia, classified as conditional under a modified Karch-Lasagna algorithm, which led to discontinuing linezolid treatment. There was also a case of pain during intravenous linezolid administration, classified as ''probable'' by the algorithm, which led to discontinuing treatment. In addition, one case of candidiasis classified as ''probable'' resolved without affecting the treatment duration or the patient's state. The detected ADRs were reported to the Andalusian pharmacology centre. During the course of the infection, 5 patients died (16.7%).
Discussion
The initial increase in multiresistant hospital microbial flora, 7, 8 in addition to the meagre effect of traditional antibiotics on these organisms in certain cases (the controversial use of vancomycin in intermediate-sensitivity MRSA infections 9, 10 ) mean that new antibacterial agents may be admitted to the list of conventional treatments. It is therefore important to make rational use of new treatment alternatives so that they do not lose efficacy in the near future.
Our study aims to present the current panorama for this antibiotic, with a view to detecting possible cases of irregular use and employ antimicrobial treatment in a more rational manner.
The most common indication for linezolid is SSTI, and most of these patients are treated by the vascular surgery department. It would be reasonable to think that many of these infections have to do with diabetic foot infections (these data were not recorded on our data sheet).
In studies completed by Ziglam et al. 15 and Walker et al. 16 on linezolid, some data differ from our current data. In both studies, soft tissue infection was the most frequent indication (26% and 32%), as in our study. However, the isolated microorganisms were different; in both cases, the most prevalent was MRSA (55% and 44.7%). Our median number of 8 treatment days (range=29) is substantially lower than that reported in these studies (14.4 and 22 days). In our study, adherence to the approved indications listed on the drug's summary of characteristics (40%) is more comparable to the Walker et al. study (53%) than to the Ziglam et al. study (which only indicates that adherence to recommended indications was very good). We should point out that in the articles cited above, ''adherence'' means compliance with a series of in-house recommendations designed by hospital experts. This is normally done by a multidisciplinary team (and infectious disease specialist, an infectious disease pharmacist, microbiologist, preventive medicine specialist, etc.). The only recommendations used in our hospital are those found on the summary of characteristics; we do not have an antibiotics use monitoring programme. The rate of off-label use (in 40% of the patients), and the fact that nearly 50% of the treatments were empirical, mean that we should re-examine its use in the hospital. Most of the patients were monitored by the internal medicine department. Table 3 shows the results with regard to clinical cure, microbial cure, and treatment duration that were gathered from different trials that supported the use of linezolid for the different indications. The studies may not be compared to one another because they contain different populations and were not designed for that purpose, but they do serve as a reference. We must point out that our study does not differentiate between the different illnesses, since the patient number for each disease was not high enough to establish a comparison. In our study, the effectiveness of linezolid is similar to that described in clinical trials. Obviously, given the lack of a control group, these data must be used with caution and provide only approximate information that should not be used in decision-making processes.
The ADRs we detected are fully described in the literature and on the summary of characteristics.
Our study has the typical limitations found for descriptive, retrospective studies based on reviewing medical histories. Our population is quite limited, especially as we have selected only those patients who were admitted to the inpatient ward. Patients from the ICU were excluded, although this unit uses a large quantity of linezolid (15% of the hospital total). Closer cooperation between the internal medicine and pharmacy departments should result in better management of the drug. While linezolid use is not excessive at our hospital, and we do not have high levels of multiresistant microorganisms, it may be useful to implement a posteriori control policies, for use after initial prescription of the drug, or list it as a restricted-use drug. The increase in MRSA, including linezolid-resistant strains, 17, 18 the high cost of the drug (D114.70/day of treatment) and the limited number of available antibiotics should convince us that the drug should only be used for well-documented infections (SSTI and HAP) and when alternative treatments may not be used (due to allergy or glycopeptides being contraindicated).
